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listened to my experiment plans, 
encouraged me and gave me advice. 
I have had similar experiences with 
other big names in the field. 
What is your greatest ambition in 
research? To add a little stone to 
the magnificent edifice of genetics. 
I would also be happy if some of our 
findings led to crop improvement, 
which is a major need for the coming 
decades. I really enjoy explaining 
to my parents, who are retired 
from farming, that working on a 
weed (Arabidopsis) may improve 
agriculture.
What do you think about the 
perception of biotechnology in 
Europe? I am quite irritated by the 
irrationality of the debate which is 
strongly influenced by fanatics for 
who “tout est pour le mieux dans le 
meilleur des mondes”, nature being 
good and everything touched by man 
being unsafe. Unfortunately, nature 
is not plain good and for more than 
10,000 years, man has selected and 
modified plant and animal species 
to produce safe food. Of course we 
should discuss what to do and not 
do, but rejecting genetically modified 
plants as a whole is a big mistake (by 
the way, meiosis is a huge genetic 
modification — should we ban it?). 
I think that agricultural biotechnology, 
in combination with classical 
genetics, is one very promising 
tool to answer the combined need 
for increased production and 
preservation of the environment. 
While writing, I have just heard 
that a trial of transgenic grape has 
just been destroyed by some of 
these fanatics at the INRA of Colmar, 
in the east of France. The Colmar 
experiment, with no commercial 
purpose, was testing a strategy 
to protect grapes against a virus 
transmitted by a nematode, against 
which the only treatment is barely 
efficient and very polluting. The 
experiment plan was discussed, 
approved and followed by a 
committee composed of not only 
scientists, but also winegrowers and 
associations. This destruction, like 
the others committed in the last years 
in France, is simply scandalous and 
illustrates well the level of the debate.
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E-mail: rmercier@Versailles.inra.frtail. Since then, other genera, such 
as Kentrosaurus, with narrower back 
plates and sharp, long spines on its 
shoulders, have been unearthed. The 
stegosaur clade appears to be equally 
distributed around the planet, but 
most fossils, and the best preserved 
ones, have been found in North 
America (Figure 1).
What were the back plates for? 
We don’t know. It is not even certain 
what position they were in, although 
most reconstructions show them as 
vertical, in two alternating or parallel 
rows. Some paleontologists have 
suggested they could be moved, but 
they are generally thought to have 
been rigid and fixed. It was initially 
assumed the plates had a defensive 
function. However, although the 
outside of the plates was bony, the 
central area is made up of trabecular 
(spongy) bone, suggesting that they 
were not very strong. Furthermore, 
both the powerful back legs and the 
head were unprotected. The existence 
of vascular tubes connecting the 
plates to the dermis, the presence 
of clearly visible grooves for blood 
vessels on the outside of the plates, 
together with evidence of capillary 
perforations in the plates, have all led 
to the suggestion that they played a 
thermoregulatory role. This conjures 
up the image of stegosaurs using their 
plates as giant radiators, to cool down 
during Jurassic heatwaves, or even of 
bleary-eyed stegosaurs trudging into 
the dawn, finding the nearest hill, and 
standing on a north-south axis to heat 
themselves up. It is unclear, however, 
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What is a stegosaur? Stegosaurs 
were large, herbivorous quadrupedal 
dinosaurs with small heads, armoured 
plates and spines (osteoderms) on 
their back, shoulders or tail — hence 
the name meaning ‘roof-’ or ‘tile 
lizard’. They were at their evolutionary 
height in the Jurassic, from about 
200–145 million years ago (mya). 
One stegosaur taxon — once known 
as Wuerhosaurus – is found in the 
Cretaceous, and survived up to around 
125 mya. Relatively few stegosaur 
skeletons have been found, most of 
them incomplete. This may reflect 
their rarity in the Jurassic ecosystem, 
or it may be a consequence of 
taphonomy — the way in which dead 
organisms are turned into fossils.
Where are they found? Stegosaur 
fossils have been found on every 
continent except Antarctica, but 
fossils might exist there, too. The 
first stegosaur was described in 
1875 by Richard Owen, the man who 
invented the term ‘dinosaur’. The 
decisive discovery was made in the 
Morrison Formation in Wyoming, by 
Othniel Charles Marsh, in 1877. Marsh 
unearthed Stegosaurus stenops, the 
iconic beast with huge bony plates 
on its back and bony spikes on its 
Quick guide
Figure 1. ‘Sarah’, a young adult Stegosaurus armatus.
Discovered in 2003 in Wyoming, in Upper Jurassic rocks (160–145 my old), Sarah is the most 
complete stegosaur skeleton ever displayed. The photo shows a cast, as mounted by the Black 
Hills Institute of Geological Research. Photograph by Urs Möckli, Sauriermuseum Aathal.
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Memories enhance the efficiency 
with which animals can exploit their 
resources. They make it easier for an 
animal to return to places and things 
that are useful, and to avoid those that 
may be dangerous or costly. Spatial 
memories — those that encode 
relationships between features in an 
environment or an individual’s path 
through the environment — help an 
animal to exploit multiple locations. 
They make it possible for an animal 
to forage in surrounding areas 
while maintaining a home, and they 
can allow animals to travel rapidly 
between different resources. Spatial 
memories are thus of great ecological 
importance, and they make possible 
many of the conditions that lead to 
social behaviour. The use of spatial 
memories to guide movement towards 
a remembered location — navigation, 
broadly defined — has developed 
in at least three lineages from the 
Cambrian explosion: Molluscs, 
Chordates and Arthropods. We are 
beginning to understand how a 
few of these animals navigate. This 
primer describes some of what we 
have learnt about the memories that 
insects use in order to travel efficiently 
through an area. Many details of these 
memories will be foreign to you, as a 
mammal. But it is striking how much 
their organizing principles have in 
common with our own. 
We all have first-hand experience 
of what happens when a person 
enters a novel environment. We learn 
to recognize prominent features and 
we learn something about the spatial 
relations between these features, 
rapidly establishing a rudimentary 
‘cognitive map’. With increasing 
familiarity, the map can become more 
accurate and encode more features, 
both expanding and becoming more 
detailed. We can use the map to 
devise a variety of paths between 
the encoded locations. If we follow 
the same path repeatedly, we will 
gradually also form associations 
between locations along that path 
and our habitual directions of travel 
Primerwhether enough blood circulated in or around the plates to ensure such a 
function. Furthermore, while the large, 
flat plates of Stegosaurus might have 
been thermoregulatory, it is less easy 
to imagine this working in the spike-
like osteoderms of Kentrosaurus. 
Another possibility is that the plates 
had a behavioural function, and were 
used in either sexual selection (there 
is no apparent sexual dimorphism 
in plate size, but they may have 
been different colours in the two 
sexes), or in species recognition or 
parent/offspring bonding. Histological 
differences observed in individuals of 
different ages also suggest that the 
plates may have had a communication 
function — after sexual maturity, the 
osteoderms grew faster than the 
skeleton.
What did they eat? The small 
teeth of stegosaurs show they were 
herbivorous, and the shape of the 
jaw suggests they may have had a 
structure that served as a cheek; 
another possibility is that they had 
a turtle-like beak. Paradoxically, 
the teeth of the fossils do not show 
extreme signs of wear. Furthermore, 
no gastroliths (stones swallowed 
by herbivorous dinosaurs and by 
some birds to aid digestion) have 
been discovered associated with 
stegosaur skeletons, so exactly how 
they processed the vast quantity of 
food they needed to ingest remains a 
mystery. The low position of the head 
in most reconstructions suggest they 
browsed on low vegetation. However, 
no coprolites (preserved faeces) have 
been identified, so more detailed 
knowledge of their diet is still lacking. 
The geological context of some 
fossils suggests they may not have 
lived close to water sources.
How did they move? Stegosaurs are 
generally thought to have been slow-
moving, unable to run for more than 
a very short distance. However, there 
is little evidence from trace fossils to 
confirm this. It has been suggested 
that they could have reared up on their 
back legs, using their tail as a tripod. 
In normal gait, the tail was probably 
held out horizontally behind the animal, 
and is thought to have been relatively 
flexible, reinforcing the assumption 
that the tail spikes were used as a 
form of active defence. A number 
of tail spike fossils show apparent 
trauma-related damage, and there is circumstantial evidence of a carnivore 
being wounded by a Stegosaurus tail 
spike. The tail spikes are now officially 
known as ‘thagomizers’, after a Gary 
Larson cartoon.
Were they ‘stupid’? Stegosaurs 
have a reputation for stupidity, which 
is based on two misconceptions. 
First, at around 60 cm3, 10% the 
size of a cow’s brain, their brain is 
small compared to the massive body 
weighing around 3 tonnes. However, 
there is no straightforward correlation 
between intelligence and brain–body 
size ratio. Second, for over 100 years 
it has been suggested that stegosaurs 
had a ‘second brain’ in their hip 
region, to help the tiny brain in the 
head control the massive body. This 
idea was based on Marsh’s report of 
an enlarged space in the hip region; it 
was suggested that this was because 
the ganglion controlling the rear half of 
the animal was substantially enlarged. 
In fact, as in other animals, there is 
ample space for appropriate nerve 
fibres to pass through the stegosaur’s 
sacral spaces. There is no evidence 
that stegosaurs were more or less 
stupid than any other dinosaur.
Where can I see stegosaurs? 
Amongst other places: American 
Museum of Natural History, New York; 
North American Museum of Ancient 
Life, Utah; Sauriermuseum Aathal, 
Switzerland; Museum of Nature and 
Science, Denver, Colorado.
Where can I find out more?
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